Electron energy loss spectroscopy (EELS) has been used to study the changes in materials since the early days of in situ TEM [1]. Mapping electron energy loss spectra can determine the redistribution of elements in a material's nanostructure, monitor oxidation or reduction, or even observe the exchange of elements from the gaseous or liquid environment into solid structures during growth processes. EELS can also be used to measure the conditions surrounding the sample, including gaseous or liquid environments [1] as well as temperature [2,3]. This is useful, since it can be challenging to measure local conditions inside the TEM using more traditional measurement techniques.
In the present work, we show how EELS can be used to measure local temperature using Al nanoparticles. The heating holder was a DENSsolutions Wildfire System, which can heat samples to 1300 °C with low thermal drift [4] . Images of the microheater in this holder and the nanoparticles deposited on the electron transparent window are shown in Figure 1A and 1B, respectively. This holder was controlled using Gatan's Digital Micrograph (or GMS) software. The electron energy loss spectra, like that shown in Figure 1C , were captured using a Gatan K2 Quantum GIF (on a JEOL F200 TEM), which captures counted EELS spectra at rates up to 400 fps.
Measurement of local temperature using EELS is possible because the plasmon peak position is dependent on electron density, and this density is dependent on the thermal expansion of the material. We used plasmon energy expansion thermometry (PEET) to determine the change in temperature from the change in plasmon energy [2] . Aluminum nanoparticles are ideal for this measurement, as they have a sharp plasmon peak around 15 eV.
The ability to measure temperature locally with EELS leads to several possible experiments. First, the accuracy of the vendor-provided temperature calibration of in-situ holders can be determined, as shown in Figure 2 . This is important for in-situ experiments in which accurate measurement of temperature is a necessity. By verifying the temperature accuracy under various conditions, a basis for trusting the nominal temperature given by the holder is established. Second, it becomes possible for researchers to map the spatial distribution of temperature at steady state across the holder. Small regions can be mapped using spectrum imaging, while larger regions can be mapped out manually by acquiring spectra from different areas. A third possibility is to measure temperature under non-equilibrium conditions, monitoring the response of the local temperature to rapid changes in the set temperature with temporal resolution on the order of milliseconds. Data and discussion on all three of these will be presented [5] . The measured shift in temperature from the heating holder is plotted against the corresponding change determined by PEET. The fit slope is determined to be 0.95, which is close to the expected unity slope.
